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SUMMARY 
A method for pasteurizing shell eggs has been developed that not 
only destroys bacteria but causes shell eggs to retain their desirable 
physical properties much longer than do untreated eggs. 
The following bacteria, known to cause spoilage in shell eggs 
have been destroyed by pasteurization, even when they had been 
injected into the albumen of shell eggs. A erobacter aerogenes, Al-
caligenes bookeri, Alcaligencs faecalis, Eberthella oede1natiens, Eber-
thella. oxyphila., Escherichia coli, FLavobacterimn aurescens, Proteus 
ichth.yosrnus, Proteus m.irabilis, Pro teus vitlgaris, Pseudomonas fiuores-
cens, Serratia. rna.rcesens, Staphylococcus albus, and Staphylococcits 
aereus. 
The results thus far obtained indicate that pasteurization may 
possibly eliminate or at least greatly reduce spoilage in shell eggs 
caused by bacterial contamination. Bacteria were destroyed in eggs 
which had been improperly washed several days before pasteurization 
was applied. 
Pasteurization of shell eggs may be the means of reducing the 
bacterial content of frozen and dried eggs. 
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Pasteurization of Shell Eggs 
E. M. FUNK 
The pasteurization and sterilization of many food products has 
made possible the storage of such products for relatively long periods 
of time without spoilage. Shell eggs when stored for long periods ( 8 
to 10 months) may suffer large losses, particularly if such eggs have 
been soiled and then improperly cleaned. Frozen eggs produced from 
shell eggs contaminated with bacteria may also spoil and dried eggs 
produced from contaminated eggs are of inferior quality. 
If some satisfactory commercial method could be developed for 
destroying the bacteria present on the shell, in the shell and shell 
membranes and in the albumen and yolk of shell eggs, much of the 
loss from spoilage of such eggs could be prevented. With this objec-
tive in mind, investigations were inaugurated at the University of 
Missouri in an attempt to develop a suitable method for pasteurizing 
shell eggs and thereby destroying the microorganisms which cause 
spoilage. 
REVIEW OF LITERATURE 
To the author's knowledge no one has to date reported experi-
mental results showin~ that shell eggs have been pasteurized to destroy 
the microorganisms ~hich cause spoilage in such eggs when stored. 
Some of the processes for oil treating eggs at high temperatures did, 
no doubt, pasteurize the shell of the egg but the high temperatures 
recommended would not permit the heat to penetrate the egg suf-
ficiently to pasteurize the albumen and yolk of the egg without coag-
ulating that portion of the albumen next to the shell. 
Nearly all eggs are free from bacteria when laid as shown by the 
work of Rettger (1913 ); Hadley and Caldwell (1916); Tittsler, Hey-
wang and Charles (1928); Sharp (1937); Haines (1939); and others. 
Salnwnella pullor1Nn is the bacterium most often found in the few 
infected eggs at time of laying. Its presence does not impair the food 
value of the egg nor cause it to decompose. 
Most bacteria found in eggs gain entrance through the shell after 
the egg is laid. The shell becomes coated with varying amounts and 
kinds of bacterial flora from the cloaca, dirt in the nest, dust in the 
air, etc. Pernot ( 1908), Priebe ( 1934) and Haines ( 1938) have studied 
the bacterial flora found on egg shells. The investig;:itor last named 
found an average of 130,000 organisms per shell. Non-sporing rods 
constituted 38 per cent of the organisms, sporing rods 30 per cent, cocci 
25 per cent, yeasts 4 per cent and actinomyces 3 per cent. Eggs soiled 
with feces had by far the largest numbers of bacteria. 
4 I\1rssouRI AGRICULTURAL EXPERIMENT STATION 
The passage of bacteria through the shell and into the egg con-
tents is influenced by the condition of the shell, the organisms present 
and the conditions under which the eggs are held. 
Zorkendorfer ( 1893) showed that bacteria pass through the shell 
at certain spots which may be either pores or defects in the shell. 
Washing eggs makes them more suscept ible to bacterial penetra-
tion of the shell according to Lange (1907), Jenkins (1920), Bryant 
and Sharp (1934) and Haines (1938). The washing or cleaning of 
eggs by other methods increases the size of the pores and forces bac-
teria through them. Jen kins found that 1.9 per cent of clean eggs 
become inedibl"e after 5 to 11 months storage as compared to 6.6 per 
cent for dirty unwashed eggs and 14.4 per cent for dirty eggs placed 
in a bucket of water and washed. Funk ( 1938) found that dirty 
eggs washed in 1.0 per cent sodium hydroxide solution kept as well 
as clean eggs and better than unwashed dirty eggs when held in cold 
storage. 
Wilm (1895) and Haines (1940) demonstrated that small motile 
bacteria penetr:ate egg shells more readily than large non-motile 
bacteria. 
The presence of moisture aids in the penetration of egg shells 
by bacteria according to Lamson ( 1909), Benjamin (1915) and Jen-
kins (1920). Eggs that were handled in such a manner that they 
sweated developed more rots than eggs that were prevented from 
sweating. 
A warm temperature favors bacterial penetration of egg shells 
as pointed out by Piorkowski ( 1895), Lamson (1909), Poppe ( 1910), 
and Maurer (1914) . Haines (1940) soaked warm eggs in a cold 
suspension of bacteria. As the eggs cooled a11d the contents contracted, 
bacteria were dravn1 through the shell. 
Only a few of the many kinds of bacteria that are capable of 
penetrating egg shells cause decomposition. 
Zorkendorfer ( 1893) isolated two kinds of bacteria from spoiled 
eggs. One kind when inoculated into fresh eggs produced black rot 
and the other produced a greenish blue rot. 
Artault (1894) found the Proteus group of bacteria to be the most 
corrimon in lots of black rot eggs. 
Bohart ( 1930) isolated both aerobic and anaerobic bacteria from 
black rot eggs. Cultures of the Clostridium group inoculated into fresh 
eggs produced black rot. 
Bennetts ( 1931) isolated bacteria of the Serratia group from black 
rot eggs. When these organisms were inoculated into fresh eggs, black 
rot developed. 
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Miles ( 1937) isolated Proteus melanovogenes from black rot eggs 
and reproduced this condition in fresh eggs by rubbing cultures of this 
organism on the shells of fresh eggs. 
Haines ( 1938) has made an extensive study of the bacteria found 
in rotten eggs. He found · Pseudomonas, Proteus, Eschericliia, Alcali-
genes and Aerogenes groups of bacteria in black rot eggs. In nearly 
every case the egg contained only one kind of bacteria. He inoculated 
fresh eggs with some of the cultures and produced black rot in 14 
days. 
Epstein ( 1941) reported that the Seal Test, Inc. Research Labora-
tories had reduced the total number of microorganisms from 371,000 
to 1,500 per gram and B. coli from 3,800 to 0 per gram in su·gared yolk 
by heating this material at a temperature of 143° F. for 30 minutes. 
Epstein reported that it was not commercially practical to pasteurize 
egg whites because of the low temperature ( 127° F.) at which they 
were coagulated. 
Winter ( 1942) after investigating the cause of black rot in fresh 
eggs reported: Alcaligenes, Escherfrhia and Proteus groups of bacteria 
were found most frequently in black rot eggs. Alcaligenes and Proteus 
groups of bacteria produced black rot readily in fresh eggs. The bac-
teria found in black rot eggs are also found in fecal material, soil and 
water. The source of infection in most black rot eggs is dirt on the 
shell or in the water used in cleaning eggs. · The best way to prevent 
black rot in eggs is to produce clean eggs. 
EXPERIMENTAL 
Experimental procedures as recommended for bacteriological lab-
oratory work were employed in this investigation. Special techniques 
used for egg work are described and discussed. 
Source of Microorganisms 
Pure cultures of bacteria were isolated from spoiled eggs removed 
from cold storage. Other organisms were obtained from Dr. A. R. 
Winter, Department of Poultry Husbandry, Ohio State University; and 
the Departments of Botany, Dairy Husbandry, and Pathology and 
Medical Bacteriology of the University of Missouri. The name of the 
microorganisms used in this investigation and their sources are given 
in Table 1. Except where otherwise noted, the organisms used were 
those which had caused spoilage in eggs stored by the Department of 
Poultry Husbandry in )942 or were reported by other investigators 
as having been found in spoiled eggs. 
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TABLE 1.-LIST OF BACTERIA USED FOR PASTEURIZATION INVESTIGATIONS AND 
THE SOURCE OF THE STRAIN USED. 
Name 
Aci·obactcr acrogc11.es 
A chromoba.ctc·t Upol:,iticum 
Alcaligencs booke"i 
Alcaligcncs faccalis 
Alcal£gcncs "iriscosnm 
E bcrthclla. ocdcma-t ic11s 
Eberthclla o:<)'Phila 
Eschericlu".a coli 
Escherichia coli 
Fla·z:obacterj.mn aurcscc-izs 
Fla:vobactcrhrm a.quati!e 
Proteus frhtlt'j10s1nus 
P ·rotcus frlzth')'Osmus 
Proteus mfrabilis 
Proteus ntlgaris 
Psrudo1nonas acnrginosa 
Pscudomouas fluorc·scc11s 
Psrudomo11as fluorcscc11s (mu:'t,Y strain) 
Sa1'ciaa lutca 
Sarcina rost•a 
S crratia 111-arcesens 
Scr-ratia. 111arcese·u.,· 
Staphlococrns albus 
Staphlococcus au·rcus 
Stap/zlococcus cit·rc'lls 
Source 
l\!edical Bacteriology 
Dairy Department 
Oliio State UniYer,it.y 
I·~~· gs 
Dairy Department 
( >hio State University 
Eµ.:;.!:s 
E;;gs 
Ohio State University 
Eggs 
Eg·µ;s 
Ol1io State Unin~r~dty 
Dairy Department 
Eggs 
E~p:s 
Dairy Department 
Egg:s 
E;;:-~s 
Hotnny J)epartnwnt 
Botany Departrnent 
Ohio State University 
Botany JlepartrnPnt 
~1edical Bacteriol<1gy 
;\Iedical Bacteriology 
Botan~' Department 
Prep1aration of Cultures for Use in Inoculating Eggs 
Precatitions were taken to prepare cultures which were uniform 
as to age and resistance. When a new culture was used suspensions 
were prepared as follows: The culture was grown on agar slants and 
and a transfer was made to broth. Then three successive daily trans-
fers were made from broth to broth. A 24-hour broth was used for 
inoculation purposes. 
Inoculation of Eggs 
Two methods of inoculation were used, (a) by immersion and ( b) 
by injecting broth cultures into the albumen of the egg. 
To simulate natural conditions where soiled eggs are cleaned 
by washing with water, warm eggs were immersed in cold solutions 
of broth suspensions of bacteria cultures. This method was employed 
so the organisms would be drawn through the shell into the egg. 
For inoculating eggs by immersion the following procedure was 
employed: A heavy inoculation from agar to 5 cc. of nutrient broth 
was made. After 24 hours incubation this 5 cc. culture was poured 
into 250 cc. of broth and incubated 24 hours. This 250 cc. culture 
was .transferred to 2000 cc. quantities of nutrient broth. After 24 hours 
incubation this was placed in a refrigerator for approximately 6 hours 
where the temperature reached 46° to 50° F. Eggs were held for 4 
hours in an incubator at 100° F. and then washed in warm 1: 1000 
mercuric chloride solution and rinsed with warm sterile water. A 
portion of these washed eggs were placed in sterile containers and kept 
as negative controls. 
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The remammg sterile eggs were immersed for one hour in 46° 
to 50° F. bacterial suspension. Part of these eggs were placed in con-
tainers and labeled positive controls. The rest were treated and 
when treatment was complete put in sterile containers. 
Portions of the shell from treated, positive and negative controls 
were moved, as free from bacterial contamination as possible, and put 
in tubes of nutrient broth. Part of the outer shell membrane was peeled 
out and put in broth. Then 1 cc. of albumen was transferred to broth. 
Since bacteria could not be recovered from the albumen when 
eggs were inoculated by the immersion method, and since it was de-
sirable to determine the possibility of destroying bacteria present in 
the albumen, eggs were inoculated by injecting broth cultures of 
specific bacteria into the albumen. The area surrounding the point 
of inoculation was swabbed with a ten per cent solution of tincture 
of iodine. The sterile shell was pricked with a sharp sterile instrument 
and 0.1 cc. or 0.2 cc. of a 24-hour broth culture of the bacteria in-
jected into the albumen of the egg by means of a tuberculin sy ringe 
equipped with a 25 gauge ·hypodermic needle. The average count for 
these suspensions was about 50,000,000 per 0.1 cc. 
Pasteurization of Shell Eggs 
Eggs which had been inoculated with the bacteria listed in Table 
1 and adjusted to room temperature were divided into two lots, one 
lot serving as untreated controls and the other group being treated 
by rotating the eggs for 10 minutes, except where noted, in oil held 
at 140° F. This is the approximate time limit for pasteurizing shell 
eggs which have been adjusted to room temperature ( 70-75 ° F.) be-
fore immersing and rotating them in oil. Coagulation of the albumen 
occurs if either or both time or temperature are increased. The point 
at which coagulation begins establishes the maximum limit beyond 
which pasteurization may not proceed without interfering with mar-
ket quality. 
Bacteriological Examination of Eggs 
After the eggs had been held at room temperature from 4 to 6 
days after treatment, they were examined for bacterial growth. The 
area surrounding the point of inoculation was swabbed with tincture of 
iodine. An opening was made at the point of inoculation with sterile 
forceps. Two cubic centimeters of albumen were removed with a 
pipette. One cc. of this albumen was placed in 5 cc. of nutrient broth 
and one cc. of albumen was placed on a sterile petri dish. Nutrient 
agar at (107° -111 ° F.) was poured over the albumen in the petri 
dish and mixed as thoroughly as possible. The tubes of broth and the 
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petri plates were incubated for 48 hours at room temperature. More 
abundant growth was obtained at room temperature than at 100° F. 
Since it was only necessary to determine the presence or absence of 
bacterial growth broth was adopted as the media because it was less 
expensive and much easier to handle than agar. 
For determining the presence or absence of bacteria on the shell 
or shell membranes, portions of these parts of the eggs were removed 
aseptically and grown in nutrient broth. 
Cultural characteristics of the different bacteria were studied and 
identification was made by referring to the Fifth Edition of Bergey's 
Manual of Determinative Bacteriology. 
RESULTS 
The results obtained show that by pasteurization many of the 
bacteria which normally cause spoilage in shell eggs may be destroyed 
when on or in the shell, shell membranes or albumen of whole eggs. 
In most cases pure cultures of specific bacteria were used but some 
tests involYed mixtures of organisms. The results obtained with specific 
species of bacteria are presented and discussed. 
A erobacter aerogenes.-This organism is widely distributed in 
nature and is normally found on plants but it is also found in the in-
testinal tract of humans and animals. Winter ( 1942) reported finding 
this organism in several spoiled eggs and used it to produce black 
rot in eggs. The strain used in this investigation was obtained from 
the Department of Pathology and Medical Bacteriology. Black rot 
was produced within one week by inoculating fresh eggs with this 
orgamsm. 
Table 2 shows the results obtained by pasteurizing shell eggs 
which had been inoculated by injecting 0.2 cc. of a 24-hour broth 
culture of these bacteria into the albumen. From these results it is 
T ABLE 2 .-PASTEUR!ZATION OF SHELL EGGS I NO CULATED BY I NJECTING I NTO 
THE A LBUM EN 0.2 cc. OF A 24 Hou R BROTH CULTURE OF AEROBACTER 
AEROGENES. 
Bacter ial g r o"·tb 
foun d when g rown a t 
DHte No. Eggs r1,reat111ent r oom temperat ure for 
48 hours. 
Eggs ro tated fo r 10 in inutes 
2- s.43 5 in oil held a t 140° F No ne 
Gr ow t h from 
2- 8-43 5 Inoculated b ut no t treated. a ll eggs. 
2- S-43 5 Negative con trols. None 
Eggs r ot ated for 10 m inutes 
2-10-43 4 i n oil held at 140° F . None 
Growth from 
2-10-43 2 Inocula ted b ut n ot t r eated . bot h eggs . 
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evident that shell eggs may be so pasteurized that this orgamsm 1s 
destroyed even though it may have penetrated into the albumen of 
such eggs. 
Ach.romobacter lipolytirnm.-This is a fat dissolving bacterium 
found in milk which produced a rancid odor and bitter taste. The 
strain used in this investigation was obtained from the University 
Dairy Department. When inoculated into the albumen of shell eggs 
black rots and crusty yolks were formed. 
Table 3 shows the results obtained when shell eggs were pas-
teurized after this organism had been injected into the albumen of 
such eggs. The heat treatment did not completely destroy this or-
ganism in all eggs, since three eggs of the twenty-two eggs treated 
contained organisms. All of the eggs used as positive controls which 
were inoculated but not treated contained the organism. 
TABLE 3.-PASTEURIZATION OF SHELL EGGS WHICH WERE INOCULATED BY IN-
JECTING INTO THE ALBUMEN 0.2 cc. OF A 24 HouR BROTH CULTURE OF 
ACHROMOBACTER LIPOLYTICUM. 
Bacterial growth 
found when g:rffWU at 
Date No. Eggs Treatment room temperature for 
4S hours. 
Eggs rotated for 10 minutes 
2- 3.43 10 in oil held at 140° F. One egg 
Growth from 
2- 3-43 5 Inoculated uut not treated. al! eggs. 
'.!- 3-43 5 N'egative controls. None 
Eggs rotated for 10 minutes 
2-10-43 4 in oil held at 140° F. One eO'O' ~,, 
Growth from 
'.!-10-43 2 Inoculated uut not treated. both eggs. 
Eggs rotated for 10 minutes 
3. 1-43 4 in oil held at 140° 1F . None 
Growth from 
3. 1-43 2 Inoculated hut not treated. both eggs. 
Alcaligenes bookeri.-Haines ( 1938) found Alcaligenes in eggs 
which contained black rot. Winter ( 1942) reported that he had isolated 
Alcaligenes bookeri from black rot eggs and used the organism isolated 
to produce black rot in fresh eggs. The strain used in this investiga-
tion was obtained from Winter. 
Table 4 shows the results obtained when pasteurizing shell eggs 
which had been inoculated by injecting broth cultures of this organism 
into the albumen. From these results it is apparent that shell eggs 
may be pasteurized so that Alcaligenes bookeri is destroyed in the 
albumen of such eggs. 
Alcaligenes faecalis.-The strain of this organism used in this 
investigation was isolated from spoiled eggs removed from a cold stor-
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TABLE 4.-PASTEURIZATION OF SHELL EGGS WHICH WERE INOCULATED BY IN-
JECTING INTO THE ALBUMEN 0.2. CC. OF A 24 HOUR BROTH CULTURE OF 
ALCALIGENES BooKERI. 
Di!te No. Eggs Treatment 
Eggs r<Yt.ated for 10 min u tes 
2-li-43 4 in oil held nt 140° F. 
2-li-43 2 Inoculated but not treated . 
Eggs rotated for 10 minutes 
2-2i-43 4 in oil held at 140° F. 
2-27-43 2 Inoculated but not treate1l. 
age warehouse after about eight months storage. 
Bacterial growth 
found when g:rown a l 
room temperature for 
48 h ours. 
None 
Growth from 
both egg;8. 
None 
Growth from 
Uoth eg·gs. 
Table 5 shows the results of pasteurizing shell eggs which had 
been inoculated by injecting broth cultures of this organism into the 
albumen. From these results it may be concluded that Alcaligenes 
f aecalis can be destroyed in the albumen of shell eggs by pasteuriza-
tion. 
TABLE 5.-PASTEURIZATION OF SHELL EGGS WHICH WERE INOCULATED BY IN-
JECTING INTO THE ALBUMEN 0.1 cc. AND 0.2 cc. OF A 24 HouR BROTH 
CULTURE OF .ALCALIGENES FAECALIS-
Bacterial growth 
found when g-rown at 
D:ite No. Eggf:i Treatment room temperature for 
48 hon rs. 
Eggs rotated for 10 minutes 
1-12--13 5 in oil held at 140' F. None 
Growth from 
1-12-43 5 Inoculated but not treated. all eg,g;s. 
Eggs rotated for n minutes 
2- S-43 5 in oil held at 142° F. Nane 
Growth from 2- S--13 5 Inoculated hut not treated. all eggs. 
2- 8-43 5 Negative controls. None 
Eg,gs rotated for 10 minutes 
2-22-43 4 in oil held at 140' F. K one 
Growth from 2-22-43 2 Inoculated but not treated. both eggs. 
Alcaligenes viscosum.-This bacterium is found in water and 
around dairy barns. It produces ropiness in milk. The strain used 
in this investigation was obtained from the Dairy Department. When 
injected into the albumen of shell eggs it caused a milky or cloudy 
condition of the albumen. 
Table 6 shows the results of pasteurization of shell eggs the 
albumen of which had been injected with approximately 100,000,000 · 
organisms of this species. Apparently pasteurization was effective in 
destroying this organism when present in the albumen of shell eggs. 
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TABLE 6 .-PASTEURIZATION OF SHELL EGGS WHICH WERE INOCULATED BY IN-
JECTING INTO THE ALBUMEN 0.2 cc. OF A 24 HouR BROTH CULTURE OF 
ALCALIGENES VIscosuM. 
Dat e No. E ggs 
2- 3-43 5 
2- 3-43 5 
2 - 3-43 5 
2-10-43 4 
2-10-43 2 
Treatment 
Eggs rotated for 10 minutes 
in oil held at 140° F . 
Inoculated bnt not treated. 
Neg,1tive controls_ 
Eggs rota ted for 10 minutes 
in oil held at 140° F. 
Inoculated but not treated. 
Bacterial growth 
·found when grown at 
room temperature f (Yr 
48 hour8. 
None 
Growth from 
a.11 eggs. 
None 
None 
Growth from 
both eggs. 
Eberthella oedematiens.-The strain of organism used in this 
investigation was obtained from Winter (Ohio)- He Isolated it from 
eggs containing black ro.t and he was able to produce black rot from 
6 to 17 days after inoculating fresh eggs with this organism. In this 
investigation black rot eggs were produced within one week by in-
oculating fresh eggs with this organism. 
Table 7 shows the results obtained by pasteurizing shell eggs which 
had been inoculated by injecting 0.2 cc. of a 24-hour broth culture 
of Eberthella oedematiens into the albumen. This organism was also 
destroyed by such treatment. 
TABLE 7.-PASTEURIZATION OF SHELL EGGS WHICH WERE INOCULATED BY IN-
JECTING INTO THE ALBUMEN 0.2 cc. OF A 24 HouR CULTURE OF EBER-
THELLA 0EDEMATIENS. 
Bacterial growth 
'found whe n g-rown a t 
Da te No. Eggs '.l.'reatment rGOlll tempe rature for 
48 honr". 
E g gs rotated for 10 minutes 
2-17-43 4 in oil held at 140° F . N one 
Growt h in 
2-li-43 2 Inoculated but not treated. bo th eggs. 
Eggs rotated for 10 minutes 
2-27-43 4 in oil held nt 140° F. None 
Growth in 
~-27-43 2 Inoculated .but not treated. both e ggs. 
E berthella oxyphila.-The strain of organism used in this investi-
gation was isolated from eggs which had spoiled (black rot) after 8 
months in cold storage. 
· Table 8 gives the results of pasteurizing shell eggs, the albumen 
of which had been inoculated with this strain of Eberthella oxyphila. 
Rotating eggs for 10 minutes in oil held at 140° F. destroyed this organ-
ism in the albumen of shell eggs. 
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TABLE 8.-PASTEURIZATION OF SHELL EGGS WHICH WERE INOCULATED BY IN-
JECTING INTO THE ALBUMEN 0.1 cc. AND 0.2 cc. OF A 24 HouR BROTH 
CULTURE OF EBERTHELLA OxYPHILA. 
D,Jte N o. Eggs 
1·12-43 5 
1 ·12-43 5 
2 27 43 4 
2-27-43 2 
Treatment 
Eggs rotate d for 10 minutes 
i n oil held at 140° F. 
Inocu lated out not t r eated. 
Eggs rotated for 10 minutes 
in oil held at 140° oF. 
Inoculated but not treatt>d. 
Bacterial growth 
found when g rown a t 
room temperature fo r 
48 hours. 
No·ne 
Growth from 
all egg·s. 
Kone 
Growth from 
both eggs. 
Escherichia coli.-Two strains of this organism were used, one 
which Winter (Ohio) had isolated from black rot eggs and one isolated 
at Missouri from spoiled eggs removed from cold storage. Both strains 
produced black rot when injected into fresh eggs. 
Table 9 gives the results of pasteurizing shell eggs which had been 
inoculated by injecting the organism into the albumen. Shell eggs 
rotated for 10 minutes in oil held at 140° F. were effectively sterilized 
with respect to this organism. Twenty-four different eggs which had 
been inoculated and then pasteurized were cultured without isolating 
TABLE 9.-PASTEURIZATION OF SHELL EGGS WHICH WERE I NOCULATED BY IN-
JECTING INTO THE ALBUMEN 0.1 cc. OR 0.2 cc. OF A 24 Ho uR BROTH 
CULTURE OF EscHERICHIA Cou. 
Date No. Eggs 
1- 7-43 5 
1- 7-40 5 
1- 7-43 5 
1-12-43 5 
1-12-43 5 
2- 3-43 10 
2- 3·-13 5 
'.!- 3-.J3 5 
2-22-43 4 
2-22-43 2 
'l'reatmen t 
Eggs r otated for 10 minutes 
in oil held at 140° l!'. 
Inoculated out not treated. 
Negative controls. 
Eggs rotated fo r 10 minutes 
in oil held a t 140° F . 
Inoculated but not treated. 
Eggs r otated for 10 min utes 
in oil held at 140° F. 
I noculated but not trea ted. 
Negative CD"ntrols. 
Eggs rotated fo r 10 minutes 
in oil held at H 0°1". 
Inoculated but no t treated. 
Bacterial growth 
found when grown at 
roon1 temperitture fo r 
48 hours. 
Kone 
Growth from 
3 eggs. 
None 
None 
Growth from 
all eggs. 
None 
Growth from 
all eggs. 
None 
None 
GrO'"'th from 
bo th egg·s. 
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the organism, whereas of 15 eggs used as positive controls the organism 
was isolated from 13 of the eggs. 
Flavobacteriiim aquatile and Flavobacterium aurescens.-These 
two species of Flavobacterium were isolated from shell eggs removed 
from a cold storage warehouse. When inoculated into the albumen of 
fresh eggs Flavobacterium aitrescens produced black rot but Flavobac-
terium aquatile did not produce black rot. 
Tables 10 and 11 show the results of pasteurizing shell eggs which 
had· been inoculated with these two species of Flavobacteria. Both 
species of this organism were destroyed in the albumen of shell eggs 
when such eggs were rotated for 10 minutes in oil held at 140° F. 
TABLE 10.-PASTEURIZATION OF SHELL EGGS WHICH WERE INOCULATED BY IN-
JECTING INTO THE ALBUMEN 0.1 cc. OF A 24 HouR BROTH CULTURE OF 
FLAVOBACTERIUM AQUATILE. 
Date No. Eggs Treatment 
Eggs rotated for 10 minutes 
1-12-43 5 in oil held at 140' F. 
. 1-12-43 3 Inoculated but not t r eated . 
Bacterial growth 
found when grown at 
room temperature for 
4S hours. 
None 
Gr ot1·th from 
all eggs . 
TABLE IL-PASTEURIZATION OF SHELL EGGS WHICH WERE INOCULATED BY IN-
JECTING INTO THE ALBUMEN 0.1 cc. OF A 24 HouR BROTH CULTURE OF 
FLAVOBACTERIUM AURESCENS. 
Date Ko. Eggs 
1-1:2-43 5 
1-12-43 5 
Treatment 
Eggs rotated for 10 minutes 
in oil lleld at 140° F. 
Inoenlated but not treated. 
Bacterial growth 
found when grown at 
room tP1111wra tnre for 
48 hours. 
None 
Growth fram 
all eg·gs. 
Proteus ichythosmus, Proteus 1nirabilis and Proteus vulgaris.-Two 
strains of Proteus ichythosmus were used, one which Winter (Ohio) 
had isolated from a mixed rot egg and the other was obtained from 
the Dairy Department. This organism is known to cause a fishy odor 
in milk but such an odor was not observed in eggs.' It did produce 
black rot. The species mirabilis and vulgaris were isolated from spoiled 
eggs removed from a cold storage warehouse. These three species of 
Proteus when injected into the albumen of fresh eggs produced black 
rot. 
Tables 12, 13 and 14 show the results of pasteurizing eggs which 
had been inoculated with these three species of Proteus. The treat-
ment was effective in destroying these organisms when several mil-
lion bacteria were present in the albumen of shell eggs. 
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TABLE 12.-PASTEURIZATION OF SHELL EGGS WHICH WERE INOCULATED BY IN-
JECTING INTO THE ALBUMEN 0 .2 cc. oF A 24 HouR BROTH CuLTURE OF 
PROTEUS lcHYTHOSMUS. 
Date No. Eggs 
2- 3-43 10 
2- 3-43 5 
2- 3-43 5 
2-10-43 4 
2-10-43 2 
2-li-43 4 
2-li-43 2 
2-27-43 4 
2·2i·43 2 
Treatment 
Eggs rotated for 10 minutes 
in oil held at 140' F. 
Inoculated but not treated. 
Negative controls. 
Eggs rotated for 10 minutes 
in oil llel<l at HO'F. 
Inoculated but not treated. 
Eggs rotated for 10 minutes 
in oil held at 140' F. 
Inoculated irnt not treated. 
Eggs rotated for 10 minutes 
in O'i! held at HO' F . 
Inoculated but not treated. 
Bacterial growth 
fonnd when grown at 
room temperature for 
48 hours. 
None 
Growth from 
all eggs. 
None 
Growth from 
l>oth eggs. 
None 
Growth from 
both eggs. 
None 
Growth fr<Ym 
both eggs. 
TABLE 13.-PASTEURIZATION OF SHELL EGGS WHICH WERE INOCULATED BY IN-
JECTING INTO THE ALBUMEN 0.1 cc. OF A 24 HouR BROTH CULTURE OF 
PROTEUS MIRABILIS. 
Date No. Eggs 
12-31-42 5 
12-31-42 5 
12-31-42 5 
12-31 -42 9 
1- 7-43 5 
1- 7-43 5 
1- 7-43 5 
Treatment 
Eggs rotated for 10 minutes 
in oil held at 140' ·F. 
Eggs rotated for 11 minutes 
in oil heltl at HO' ·l•'. 
Inoculated but not treated. 
Negati'l'e controls. 
Eggs rotated for 10 minute8 
in oil held at 140° P . 
Inoculated but not treated . 
Negative controls. 
Bacterial growth 
found when grown· at 
room temperature for 
48 hours. 
N<Yne 
One contaminated 
Growth from 
all eggs. 
None 
One contaminated 
Growth from 
all eggs. 
None 
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lABLE 14.-PASTEURIZA.TION OF SHELL EGGS WHICH WERE I NOCULATED BY IN-
JECTING TNTO THE ALBUMEN 0.1 CC. OF A 24 HOUR BROTH CULTURE OF 
PROTEUS VuLGARIS. 
Bacterial growth 
found when grown at 
Dute No. Eggs Treatment room temperature for 
48 hours. 
Eggs rotated for 10 minutes Growth from 
. 1-12-4:l fi in oil held at 140° F. one egg. 
Growth from 
1-12-43 ;j Inoculated but not treated. all eggs. 
Eggs rotated for 10 minutes 
2-22-43 4 in oil held at 140° F. None 
Growth from 
2-22-43 2 Inoculated but not treated. b<Yth eggs. 
Pseudomonas aeruginosa and Pseudomonas fiuorescens.-Pseu-
domonas aeruginosa was obtained · from the Dairy Department but 
was not isolated from eggs and Pseudomonas fiuorescens was isolated 
from soiled shell eggs which had been washed in water and stored for 
8 months. Two strains of Pseudomonas fiuorescens were found, one 
producing a green white with a musty odor and the other producing 
.a greenish white without any musty odor- Pseudomonas aeruginosa 
was used to produce black rot and green whites in fresh shell eggs 
within 9 days_ 
TABLE 15--PASTEURIZATION OF SHELL EGGS WHICH WERE INOCULATED BY IN-
JECTING INTO THE ALBUMEN 0.2 cc. OF A 24 HouR BROTH CULTURE OF 
PsEUDOMONAS AERUGINOSA. 
Date No. Eggs 
2- 3-43 20 
2- 3-43 10 
2- 3-43 5 
2-10-43 4 
2-10- 43 '.! 
'.l.'reatment 
Eggs rotated for 10 minutes 
in oil hell! at H0°1•'. 
Inoeul:1ted but not treated. 
NegatiYe controls. 
Eggs rotated for 10 n1inute~ 
in oil he!tl at 1-Hl 0 I•'. 
Inoculate!! but not treated. 
Bacterial growth 
found when grown at 
room temperature for 
48 hours. 
Growth from 
one egg. 
Growth from 
all eggs. 
None 
Growth from 
one egg. 
Growth from 
both eggs. 
Table 15 shows the results of pasteurization of shell eggs into the 
:albumen of which several million bacteria of this species were injected. 
This organism showed more resistance than most others investigated, 
bacterial growth being obtained from two eggs out of twenty-four 
pasteurized. Since the optimum temperature for the growth of this 
<Organism is about 98° F. it is not likely this species of Pseudomonas 
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would survive in eggs held in cold storage and to the author's knowl-
edge it has not been isolated. 
TABLE 16.-PASTEURIZATION OF SHELL EGGS WHICH WERE INOCULATED BY IN-
JECTING INTO THE ALBUMEN 0.2 cc. OF A 24 HouR BROTH CULTURE OF 
PsEUDOMONAs FLUoRESCENs (STRAIN PRODUCING MusTY ODoR). 
D:1te No. Eggs Treatment 
Eggs rotated for 10 minutes 
2- 8-43 5 in oil held at 140' F. 
2- S-43 5 Inoculated but not treated. 
2· 8-43 5 Negative controls. 
Eggs rotated for 10 minutes 
2-2i-4~ 4 in oil held at 140' F. 
2-27-43 2 Inoculated but n ot treated. 
Bacterial growth 
found when grown at 
room temperature for 
4S hours. 
None 
Gr crn·th from 
~111 eggs. 
!'\one 
None 
Growth from 
hoth eggs. 
Table 16 shows the results obtained by pasteurizing shell eggs 
into which had been injected a strain of Pseiidomonas fiuorescens which 
was isolated from an egg which gave off a musty odor. The eggs which 
were used as positive controls gave off a very decided musty odor 
when opened. Evidently this organism was destroyed by pasteuriza-
tion even though several million bacteria were present in the albumen 
of the eggs at the time of treatment. Table 16 shows the results of 
two trials in which this strain of Pseudomonas fiuorescens when present 
in the albumen of shell eggs was completely destroyed by rotating such 
eggs for 10 minutes in oil held at 140° F. 
TABLE 17.-PASTEURIZATION OF SHELL EGGS \VmcH WERE INOCULATED BY IN-
JECTING INTO THE ALBUMEN A 24 HouR BROTH CULTURE OF PsEUDOM-
ONAS FLUORESCENS. AUGUST, 1942. 
N'o. 
Eggs 
12 
12 
Treatment 
Innculated and t r ea ted for 
12 minutes in still "·ater 
at HO' F. 
Inoculnted but not treated 
Bacterial growth found " ·hen g ro wn at 
r oom temperature for 72 hours. 
In jected 
1 cc. 
Xone 
Gro\\·tb from 
all eggs. 
I njected 
.1 ec. 
Xone 
Growth from 
all eggs. 
Having observed heavy losses from greenish whites when breaking 
eggs which had been improperly washed and stored, this investigation 
was first concerned with Pseudomonas fiuorescens which was observed 
to be the causative agent of most spoilage in shell eggs which were 
improperly washed. Therefore an effort was made to pasteurize eggs 
which had been inoculated by injecting cultures of Pseudomonas 
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fiuorescens into the albumen of such eggs. This first attempt was suc-
cessful and indicated the possibility of pasteurizing shell eggs and there-
by destroying this and other bacteria which cause spoilage in sheU 
eggs. 
TABLE 18.-PASTEURIZATION OF EGGS WHICH WERE INOCULATED BY I M-
MERSING SHELL EGcs AT 100° F . IN A BROTH CULTURE OF PsEuDoMONAs. 
FwoRESCENs FOR ONE HouR AT 46° F. 12-16-42 To 12- 31- 42. 
No. 
eggs Treatment 
Eggs ro tated for 
5 10 minutes in oil 
helcl at 13S 0 1''. 
Eggs rotated for 
6 10 minutes in oil 
held a t 140° F . 
Inoculated and trentecl 
4 in circulating oil for 
Surface 
of shell 
10 minuate a t 142.5° F. 
+ 
+ 6 Ino-cu la tecl hu t + 
not treated + 
+ 
+ 
6 Negath·e control s 
Organisms recovered fron1 
Shell 
1 con-
taminated 
+ 
+ 
+ 
+ 
+ 
+ 
Shell 
membranes 
+ 
+ 
+ 
+ 
+ 
+ 
Albumen· 
Table 18 shows that when warm eggs ( 100° F.) were immersed' 
in a cold ( 46° F.) broth culture of Pseudomonas fiuorescens these or-
ganisms were drawn through the shell and were isolated from the shell: 
membranes of such eggs. This phenomenon explains why warm soiled 
shell eggs washed in cold water show such heavy losses when stored,. 
while cold soiled shell eggs washed in warm water keep exceedingly 
well. 
Pasteurization was effective in destroying this organism on and 
in the shell and on the shell membranes. Since Pseudomona fiuorescens 
does cause heavy losses in st orage eggs and much of this loss cannot be 
detected by candling but only by breaking, it was deemed advisable 
to investigate rather thoroughly the possibility of pasteurizing to 
destroy this organism. 
Table 19 shows the results of three trials in which 40 eggs were 
rotated for 10 minutes in oil held at 140° F . The organism could be: 
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TABLE 19.- PASTEURIZATION OF SHEL!. Eccs WHICH WERE I NOCULATED BY I N-
JECTING INTO THE ALBt.:MEN 0. 1 cc. AND 0.2 cc. OF A 24 HouR BROTH 
CuLTURE OF PsEUDOMONAS FLUORESCENS. 
Bacterial growth 
found when grown at 
Dute No. Eggs Treatment room temperature for 
48 hours. 
Eggs rot~lted for 10 minutes 
12-31-42 5 in oil held at 140° F. None 
Eggs rotated for 11 minutes 
12-31-42 5 in oil ·held at 140' F. None 
Growth from 12-31-42 5 Inoculated but not treated. all eggs. 
12-31-42 9 Negative contr ols. None 
Eggs rotated fo r S minutes Growth fro-m 1- 7-43 5 in <Yil held at 140° F . 4 eggs. 
Eggs rotated for 9 minutes Growth from 1- 7-43 5 in <Yil held at 140° F. 1 egg. 
Eggs rotnted for 10 minutes 
1- 7-43 5 in <Yil held at 140° F. None 
Growth from 1- 7-43 5 Inoculated but not treated. all eggs. 
Eggs rotated for 10 minutes Growth from 1- 8-43 30 in oil held at 140' F . 1 egg. 
Growth f r om 1- 8-43 20 Inoculated but not treated. all eggs. 
1- 8-43 10 Negative controls. None 
isolated from t he albumen of only one of t hese eggs. T hirty positive 
-controls which were inoculat ed but not t reated all prod uced bact erial 
:growth. 
Eggs are very frequently cleaned by washing on t he farm or in a 
local dealer's plant before the eggs reach the packing plant or cold 
storage warehouse. Table 20 shows the results of an experiment 
designed to determine the possib ilit y of pasteurizing shell eggs which 
had been inoculated with approximately one hundred m illion Pseudo-
monas fiu,orescens from three hours t o four days before t hey were 
treated. From these resul ts it appears that shell eggs which have been 
improperly washed or otherwise inoculated with Pseudomonas fiuores-
cens can be pasteurized and such organisms dest royed . Storage experi-
ments of eggs improperly washed and t hen pasteurized at vanous 
intervals after treatment have been initiated at t his station. 
Sarcina lutea and Sarcina rosea.-H aines ( 1938) reported that he 
found Sarcina on the surface of the shells of eggs in two per cent of 
the eggs examined . H owever, he did not find them inside the egg. 
Since Haines had reported this genus present on the surface of shell 
eggs, two species of t his organism were obtained from the Botany 
D epartment and used to test their r esistance to pasteurization. T hese 
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organisms ( Sarcina lutea and Sarcina rosea) were injected into the 
albumen of shell eggs. The effects of pasteurization on these two or-
ganisms are shown in Tables 21 and 22. Pasteurization was effective 
in destroying both species of Sarcinae used. 
TABLE 20.- EFFECT OF TIME BETWEEN I NOCULATION AND TREATME NT ON THE 
EFFECTIVENESS OF PASTEURIZATION OF SHELL EGGS INOCULATED BY I N-
JECTING INTO THE ALBUME N 0.2 CC. OF A 24 HOUR BROTH CULTURE OF 
PsEUDOM ONAS FLUORESCENS . I NOCULATED 2-17-43 AT 4:30 P. M. EGGS 
ROTATED FOR 10 MINUTES IN OIL H ELD AT 140° F . 
Pseudomonas ftuorescens fonnd 
when groT\·n at 1"00111 tempera-
ture fm· 4S hours. 
Date Point of Opposite 
treated No. eggs inoculation side of egg 
7:30 p .m. 
2-17-43 4 None None 
8:30 a.m. 
2-18-43 4 One One 
7:30 p.m. 
2-18-43 4 None None 
8:30 a.m. 
2-19·43 4 One One 
7:30 p.m. 
2-19-43 4 None None 
8:30 a.m. 
2-20-43 4 No-ne None 
7:30 p.m. 
2-20-43 4 No·ne l'ione 
8:30 a.m. 
2-21-43 4 None None 
7 :30 p.m. 
2-21-43 3 None None 
TABLE 21.-PASTEURIZATION OF SHELL EGGS WHICH WERE I NOCULATED BY 
INJECTING r~To THE ALBUMEN 0.2 cc. OF A 24 HouR BROTH CuL TURE oF 
SARC!NA L UTEA. 
Dnte N o. Eggs 
2- 3-43 5 
2- 3-±3 5 
2- 3-43 ti 
2 -10-4:.l 4 
2-10-46 2 
Treatment 
Eggs r ot.ate<l for 10 minutes 
in oil held at HO' F. 
Inoculated b ut not treated. 
NegatiY.e controls. 
Eggs rotated for 10 minutes 
in oil hel<l at 140' F. 
Inoculated but not treated. 
Bacterial ;; rowth 
found "·hen grown at 
room tem peru tu re for 
48 hours. 
None 
Gro·wth from 
all eggs. 
None 
None 
Growth from 
both eggs. 
Sarcina lutea produced one black rot egg and Sarcina rosea pro-
duced an offensive odor and cloudy albumen. 
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From these results, it appears these organisms, if they should 
gain entrance to the egg, would cause spoilage. Pasteurization of 
shell eggs could be used to destroy these organisms, even though they 
had penetrated the albumen. 
TABLE 22.-PASTEURIZATION OF SHELL EGGS WHICH WERE INOCULATED BY 
INJECTING INTO THE ALBUMEN 0.2 cc. OF A 24 HouR BROTH CuLTURE oF 
SARCINA RosEA. 
Date No. Eggs 
2 - 3-43 5 
2· 3-43 5 
2- 3-43 5 
'2-10-43 4 
2-10-43 2 
Treatment 
Eggs rot11ted for 10 minutes 
in oil held at 140' F 
Inoculated but not treated. 
Negative controls. 
Eggs rotated for 10 minutes 
in oil held at 140' F. 
Inoculated but not treated. 
Bacterial growth 
found when grown at 
room temperature for 
48 hours. 
None 
Growth from 
all eggs. 
None 
None 
Growth from 
both eggs. 
TABLE 23.-PASTEURIZATION OF SHELL EGGS WHICH WERE INOCULATED BY 
INJECTING INTO THE ALBUMEN 0.2 cc. OF A 24 HouR BROTH CuLTURE OF 
SERRATIA MARCESENS. THE STRAIN USED 2-3-43 AND 2-10-43 WAS OB-
TAINED FROM THE DEPARTMENT OF BOTANY, UNIVERSITY OF MISSOURI AND 
THE STRAIN USED 2-17. 3-1 AND 3-8-43 WAS OBTAINED FROM DR. A. R. 
WINTER, OHIO STATE UNIVERSITY. 
Bacterial growth 
found when grown at 
Dllte No. Eggs Treatment room temperature for 
48 hours. 
Eggs rot1lted for 10 minutes 
2- 3-43 10 in oil held at 140' F. None 
Growth from 
2· 3-43 5 Inoculated but not treated. all eggs. 
2- 3-43 5 Negative control s. None 
Eggs rotated for 10 minutes 
2-10-43 4 in oil held at 140° J!'. None 
Growth from 
'2-10-43 2 Inoculated but not treated. both eggs. 
Eggs rotated for 10 minutes Growth from 
2-17-43 4 in ail held at 140° F. one egg. 
Growth from 
2-17-43 2 Inoculated but not treated. both eggs. 
Eggs rota ted for 10 minutes Growth from 
3- 1-43 4 in oil held at HO' F. o·ne egg. 
Growth from 
3- 1-43 2 Inoculated but not treated. both eggs. 
3- 1-43 5 Negative controls. None 
Eggs rotated for 10 minutes 
3- 8-43 4 in oil held at 140° F. None 
Growth from 
3- 8-43 4 Inoculated but not treated . all eggs. 
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Staphylococcus albus, Staphylococcus aureus and Staphylococcus 
citreus.-Haines ( 1938) reported that he found Staphylococci on the 
surface of the shell of 5 per cent of the eggs he examined. He did not 
find these organisms inside the egg. Rettger ( 1913) found Staphylococ-
cus albus and Staphylococcus aureus in fresh and incubated eggs. 
Since this organism had been reported present in eggs and on the sur-
face of the shell of eggs, it was deemed advisable to test the resistance 
-0f several species to pasteurization and to note the effect of the or-
ganism upon the contents of whole shell eggs when inoculated into such 
eggs. Cultures of Staphylococcus albus and Staphylococcus aureiu 
were obtained from the Department of Pathology and Medical Bac-
teriology and Staphyfococcus citreus was obtained from the Botany 
Department. 
When these species of Staphylococci were injected into the 
albumen of shell eggs and allowed to grow at room temperature for 
one week or longer Staphylococcus aureus produced black rot, Staphy-
lococcus albus produced a cloudy condition of the albumen but Staphy-
lococcus citreus did not produce any deleterious effect. 
TABLE 24.-PASTEURIZATION OF SHELL EGGS 'VHICH WERE INOCULATED BY 
INJECTI NG INTO THE ALBUMEN 0.2 cc. OF A 24 HouR BROTH CuLTURE OF 
STAPHYLOCOCCUS ALBUS, AUREUS AND CITREUS. 
Bacterial growth 
found when g rown at 
Date Speci~s No. eggs 'l'reatment room temperature for 48 hours. 
Eggs rotated for 10 minutes 
2- S-43 alhus 5 in oil held at 140° F. None 
Growth from 
2- S-43 al bus 5 Inoculated but not tre:1tcd. all eggs. 
2- 8-43 alb us 5 Negative controls. None 
Eggs ro·tated for 10 minutes 
2-10-43 alhns 4 in oil held at 140° F. None 
Growth from 
2-10-43 alhus 2 Inoculated but not treated. both eggs. 
Eggs rzytated for 10 minutes 
2- 8-43 anrens 5 in oil held at 140° F. None 
Growth from 
2- 8-43 aureus 5 Inoculated but not treated. all eggs. 
2-10-43 anrens 4 
Eggs rO'tated for 10 minutes 
in oil held at 140° F. None 
Growth from 
2-10-43 auren8 2 Inoculated but not treated. all eggs. 
2- 3-43 
Eggs r<Ytated for 10 minutes 
citreus 5 iu oil held at 140° F. None 
Growth from 
2 - 3.43 eitreus 5 Inoculated but not tre:1 terl. all eggs. 
T able 24 shows the results obtained when shell eggs which had 
been inoculated with these species of bacteria were pasteurized. Ap-
parently these species of Staphylococci were destroyed by the pas-
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teurization of shell eggs, even though they were present in the albumen'. 
of such eggs. 
Serratia marcesens.-Two strains of this organism were used, one 
strain was isolated from a black rot egg by Winter (Ohio) and the 
other was obtained from a stock culture of the Botany Department .. 
The Ohio strain was more resistant to heat than the strain obtained 
froll). the Botany Department. Table 23 shows the results of four at-
tempts to . pasteurize shell eggs which were inoculated wi th Serratia 
marcesens. Fourteen eggs inoculated with the strain obtained from 
the Botany Department which were pasteurized were found to be free 
of this organism. However, Serratia marcesens was isolated from two 
eggs out of twelve treated eggs which were inoculated with the Ohio· 
strain. 
This organism produced a very brilliant red pigment in shell · 
eggs. Figure 1 shows how this organism penetrated through the shell. 
Fig. 1.-Illustration of bacteria (Scrratia marccsc·ns) penetrating 
the egg shell from the inside. Pores in the shell were ver)' defi. 
nitely marked by red areas. 
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of the egg from growth initiated in the albumen by inoculating such 
eggs with Serratia marcesens. The shell pores are very definitely 
marked by red colored areas which appear as dark spots in Figure 1. 
This photograph illustrates how bacteria penetrate through the pores 
of the shell of an egg. 
111i::r:ed Cultnres.-ln some of the tests made, cultures of several 
organisms were mixed and inoculated into shell eggs while in others 
unknown mixtures were used. Table 25 shows the results of pasteuriz-
ing shell eggs which were inoculated by immersing warm (100° F.) 
eggs in a cold mixture of albumen from 20 spoiled eggs. Bacteria pene-
T ABLE 25.-PASTEURIZATION OF EGGS WHICH WERE INOCULATED BY h-1-
MERSING SHELL EGGS AT 100° F. FOR ONE HOUR IN A MIXTURE OF AL-
BUMEN FROM 20 RoTS AT 46° F. 
Date No. Eµ;gs 
1- il,-4.3 
1- ;:;.43 
Treatment 
E~gs rot:1ted for 10 minute~ 
in oil held at HO' 1;•, 
Ino<:t1late1l hut not trPnterl. 
~t-~;;ative controls. 
Organis1ns rf"co,rere d hy 
gro·wing in nutrient 
hrot.h for 48 hours. 
Shell 
Shell me1nbranes 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
·+ 
uated the shell and were found on the shell membranes but pasteuri-
zation was effective in destroying all organisms in this mixture. Table 
26 shows the results of pasteurizing shell eggs which had been inoculated 
by_ injecting into albumen a broth culture prepared from 36 spoiled 
TABLE 26.-PASTEURIZATJON OF SHELL EGGS WHICH WERE INOCULATED BY 
INJECTING 0.1. cc. BROTH CUT.TURE OF A MIXTURE OF ORGANISMS FRO;\'l 
36 SPOILED EGGS INTO THE ALBUMEN OF EACH EGG. 
D:1te ~o. Egg·s r:rreatment 
Eggs rotn ted for 10 minutes 
10 in oil heltl :1 t HO' F. 
1- S-4:J 10 Inoculated hut not treated. 
Bacterial growth 
found when grown at 
rootn h~rnperatnre for 
48 hours. 
Growth from 
one egg. 
Growth fron1 
all eggs. 
eggs. Pasteurizing was effective in destroying the organisms in 9 out 
of 10 eggs treated. Table 27 shows that pasteurization was effective 
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TABLE 27.-PASTEURIZATION OF SHELL EGGS WHICH WERE INOCULATED BY 
INJECTING INTO THE ALBUME N OF EACH EGG 0.1 cc. OF A 24 H ouR BROTH 
CuLTURE OF PsEUDOMONAS FLUORESCENs, PROTEUS MIRABIL!s, P ROTEUS 
VuLGARis, FuwoBACTERIUM AuRESCENS, FLAVOBACTERIUM AQUATILE, 
ALCALIGENES F AECALIS, EBERTH ELLA OxYPHILA, AND EscHERICH IA Cou. 
D:tte ?\o. Eg-g!-i 
1-11-4:) 3 
1-11-4:3 r. 
1-11-4:>, 5 
1-11·43 15 
'Treatment 
EfrgS r otated for 8 minutes 
in oil held at HO" ·F . 
Eggs rotated for 9 minutes 
in oil h el<1 at 140" ·F . 
Eggs rot.1 tecl fOr 10 n1inntes 
in oil hel cl at 140" ·I''. 
Inoenln tetl hnt not treate<l. 
Bacter ial growth 
found \Yh(:'n grown at 
room t(:. mpe rat ure for 
48 h O'lll"S. 
<Jrowth from 
two egg~. 
None 
None 
•~rowt.h from 
:111 eg·gs. 
TABLE 28.-PASTEURIZATION OF SOILED SHELL EGGS WHICH WERE CLEANED BY 
WASHING WITH WATER HELD AT D IFFERENT TEMPERATURES. EGGS ROTATED 
FOR 10 MINUTES IN OIL HELD AT 140° F. 
'l'emperature 
of water 
Clean CO'ntrols, 
uuwashed 
Roiled controls, 
unwashed 
HO"P. 
130° F. 
120' F . 
no• I•'. 
100' F. 
f)0° P. 
47° Ii'. 
4'7° P. tr~ated 
4 clar~ after 
wa~hing. 
47° F. treated 
(i da;·s after 
washing. 
47° 1". treated 
9 <lay~ after 
WHshing. 
H•H·t.erial growth 1'onnd w hen µ:rnwu at room teniperatnr<:• for 
48 hour". 
13utreatcd eggs 
Sl!Pll 
memhranc Alhnmen 
Shell 
n1pmbr::1ne 
::'\o. No. No. 
A!h1111wn 
Ko. 
l .• gg~ nrowth t>~g~ ( :rowtll <.~.:.::gs Growth e;.,:-g;s f:rffwth 
;j llOJH .. G 11one ::; none ::; none 
;:; none ti none ::; none ;:-; none 
ti ;j none ;:; none ::; none 
5 5 none ::; none ::i none 
:i 11011e ti none 5 none ;:; none 
[> 5 none 5 none 5 none 
:; 2 5 1 ~ none ;:; none 
5 2 ~ nnne ;j none fj nnne 
;:; 5 ti one J ·none r. none 
;j 5 2 ;:; none :; none 
j a 5 5 none 5 none 
6 4 6 1 6 none 6 none 
in destroying eight different species of bacteria when used as a mixture 
for inoculating the albumen of shell eggs. 
Since it was known that washing shell eggs m water may lead to 
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serious bacterial contamination of such eggs, an effort was made to 
apply pasteurization to such eggs to determine its effectiveness under 
practical operating conditions. Several cases of dirty eggs were obtain-
ed and case lots were washed at the temperatures indicated in Table 28. 
Sample lots of 10 eggs each were removed from each case and five 
eggs were pasteurized and five were used for controls. From the results 
it was evident that bacteria did penetrate the shells of hens eggs when 
they were washed but that pasteurization was effectively used to 
destroy the bacteria which were present in these eggs. Pasteurization 
was not only effective in destroying bacteria present in shell eggs soon 
after washing but eggs held for as long as 9 days at room temperature 
were freed of living bacteria. 
Temperature of Eggs During Pasteurization 
In order to determine the actual temperature of the contents of 
shell eggs during the process of pasteurization, thermocouples using 
20 gauge iron and constantan wire connected with a Leeds North-
rup Micromax Recorder were used to record at one minute inter-
vals on graph paper the temperature just beneath the shell and near 
the center of eggs being pasteurized. 
Figure 2 shov.;s the rate at which eggs are heated during the proc-
ess of pasteurization employed in this investigation, i.e., rotating eggs 
adjusted to 70 to 75° F. in egg processing oil for 10 minutes with the 
temperature of the oil held at 140° F. and then cooling the eggs at room 
temperature. From Figure 2 it is evident that bacteria which have 
penetrated the egg shell and are on the shell membranes or in the outer 
albumen are subjected by this process of pasteurization to a tempera-
ture of 130 to 136° F. for about 8 minutes. Bacteria on the surface 
of the shell or in the shell would be exposed to higher temperatures 
and for a longer period of time. But the temperature of the center 
of the egg only goes to 120 to 122° F. for about 8 minutes. This 
method of heating shell eggs is not effective in raising the tempera-
ture of the center of the egg sufficiently high to be effective in destroy-
ing bacteria which are in the yolk of eggs. 
Figure 2 shows that the temperature of the center of the egg 
continues to rise for several minutes after the egg is removed from the 
oil but that portion of the egg next to the shell cools quite rapidly 
when the egg is exposed to room temperature. For most desirable 
pasteurizing effects it would appear that the eggs should be cooled 
slowly. However, it is true that the time of treatment may be extended 
somewhat if the eggs are cooled rapidly when removed from the oil. 
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Fig. 2.-The temperature Gf t he cGntents oi whole shell eggs during the process 
of pasteurization . 
Possible Applications 
The application of the pasteurization process to shell eggs may 
prove of great value to the poultry industry and our national food 
economy. If the process can be applied to eggs as they pass through 
the regular marketing channels much waste in eggs may be prevented. 
If storage tests confirm the laboratory work, it will be possible 
to pasteurize shell eggs going into storage and thereby eliminate most 
if not all of the spoilage which results from bacterial contamination 
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of such eggs before they are stored. Since this process also stabilizes 
the keeping quality of shell eggs, loss due to deterioration in quality 
as well as waste may be minimized by pasteurization. 
The pasteurization of shell eggs before they are broken for freez-
ing or drying should reduce materially the bacterial content of such 
products. 
Limitations 
It is not the intention of the author to claim that a perfect 
method for the pasteurization of shell eggs has been developed, but 
it is believed that this approach to the problem of egg spoilage may 
have possibilities for preventing waste and loss of quality in eggs. 
There may be much more effective methods for pasteurizing shell 
eggs than those used in this investigation. In fact, this station has 
determined that circulating air may be used to stabilize egg quality 
in shell eggs and therefore pasteurization of eggs may be effected in 
the same manner. 
Nor is there any intention of claiming that all organisms which 
cause spoilage in shell eggs are destroyed by pasteurization, but the 
same limitations exist in pasteurization of dairy products. However, 
it does appear that most and possibly all of the bacteria which cause 
spoilage in shell eggs held in cold storage may be destroyed by pas-
teurization even though they have penetrated into the albumen of 
shell eggs. This process has not been effective against molds. 
TABLE 29.-BACTERIAL GROWTH IN SHELL EGGS WHICH WERE I NOCU LATED BY 
INJECTING 0.1 cc. OF A 24 HOUR BROTH CULTURE INTO BOTH THE ALBU-
MEN AND YOLK AND HELD 30 HOURS AFTER INOCULATION BEFORE TREAT-
ING BY ROTATING THE EGGS FOR 10 MINUTES IN OIL HELD AT 140° F. 
3-24-43. 
PositiYc Treated Candling 
Organis1ns controls f'g';.!~ appearance 
Acrobacter a-c1·ogr11c.,· + + ... .. .. .. . Alcalige11cs book rr i + + Black rot Alcaligc11cs frcalis + + Black rot Alcali.gcncs 'Z!iscosmn + + Bla<·k rot Ebert lie/la, ocdr111atic11s + + Black rot Eschci-ich ia coli .J_ + BlaC'l< rot Fla•voba ct"crilrm aquatilc + + Black rot Fla·ttobactcrium aure'lls + + ma.· I< rot Profrus mirabilis + t Bla"k rot Proteus -; •-ulgaris + 
' 
Hlad< rot 
Psrudomonas a.cnr.gin.osa + + Blaf'I< rot Pst"1cdo111o-J1as fl uorcscrns + + Black rot Pscudomo11 as ff1t01'C'SCl'11S + + ·· ·· ······ (musty strain) 
Sa rein a lutca. + + mack rot Sarcina rosca + + . . . . . . . . . . S cn·atia 11ia ·rccs1~11s + .J_ Black rot Staphlococcns Q·1l1"CllS + + B!ac-k rot Staphlococcns a/bus + + ·· · ···· · · · 
To test the limitations of pasteurization, shell eggs were inoculated 
by injecting 0.1 cc. of a 24-hour broth culture of each of the organisms 
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shown in Table 29 into both the albumen and yolk of each egg. The 
eggs were then divided into two groups, one lot remaining untreated 
and the other lot, after holding for 30 hours at room temperature, was 
treated by rotating the eggs for 10 minutes in oil held at 140° F. By 
the time these eggs were treated, the number of organisms per cc. of 
albumen or yolk near the point of inoculation was no doubt several 
billion, since the estimated number injected 30 hours previously was 
50,000,000 per 0.1 cc. 
Table 29 shows that under these conditions bacterial growth was 
obtained from most eggs and that pasteurization was not effective un-
der such adverse conditions. Possibly it is fortunate that eggs heavily 
infected with bacteria and therefore approaching an inedible state 
cannot be rendered sterile without cooking the eggs and thus making 
them unmarketable as shell eggs. 
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